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Abstract

Background: Children with cancer have difficulty identifying and describing the multiple symptoms
they experience during hospitalization and between clinical encounters. Mobile health resources,
including apps, are potential solutions to support child-centric symptom reporting. This study
evaluated the feasibility and acceptability of a newly developed game-based symptom-reporting app
for school-age children with cancer. Procedure: Nineteen school-age children (6–12 years of age)
receiving treatment for cancer at a COG institution in the Intermountain West of the United States
used a game-based symptom-reporting app between clinical visits. Feasibility was evaluated through a
summary of actual days of app use and interaction with each of the app's features. Children and their
parents participated in interviews regarding the app's acceptability. Results: Children used the app a
median of 4 days (range 1–12) and interacted most frequently with the symptom reporting and the
drawing features. Children enjoyed aspects of the app that supported their creativity and provided
choices. Parents endorsed the interactive nature of the app and the value of the child providing his/her
own report. Both children and parents identified additional opportunities to enhance the child's user
experience. Conclusion: Study results support the preliminary feasibility and acceptability of the app.
Children's and parents' responses supported the developmental relevance of the app and its role in
enhancing the child's autonomy and serving as an outlet for creativity. Future directions include
optimizing the child user's experience and investigating the app's role as a resource to enhance shared
decision-making for symptom management.
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Introduction and background

Managing symptoms that children with cancer experience as a consequence of their disease and its
treatment is essential to optimizing the child's quality of life [[ 1]]. The initial step to symptom
management is assessment; however, standard approaches to symptom assessment in most clinical
settings, including opportunities to track symptoms between visits, are lacking [[ 3]].
Although the prevalence and severity of symptoms typically decrease over the course of the child's
treatment [[ 4]], children's symptom experiences and the trajectories of symptoms are highly individual
[[ 6]]. While symptoms vary during a hospitalization [[ 7]], they also persist in the ambulatory setting [[
9]]. Children may experience persistent physical and psychological symptoms, including nausea, pain,
and difficulty sleeping, following discharge from the hospital but not report them to the clinical team

[[10]]. Children also relate the persistence of symptoms and strategies to manage these symptoms on
days when they are feeling well [[11]].
School-age children (6–12 years of age) are developing reasoning abilities that allow them to represent
experiences mentally and symbolically [[12]]. In contrast to adolescents and adults who recall
information through verbal prompts, school-age children recall and communicate information through
sensory activities. Many symptom-reporting resources for children, however, are largely derived from
adult versions of tools that rely on verbal prompts to recall information. These tools typically
emphasize assessment at a given point in time with a limited recall period which may not identify
trends in symptoms over a longer period of time.
Mobile health (mHealth) resources, including gamified apps, are potential solutions to support childcentric symptom reporting and trend identification for symptoms between clinical encounters [[14]].
Mobile devices, including tablet computers, are familiar to most school-age children and provide a
developmentally relevant platform for engaging children in that they are easy to manipulate and
remove a level of abstraction [[15]]. Incorporating game-based features, i.e., "gamification" into apps
engages children's senses and supports problem-solving and creativity to enhance their recall and
report of symptoms and experiences [[16]–[19]]. Although symptom-reporting apps have been
developed for older children and adolescents with cancer [[20]], fewer resources exist for younger
children [[22]]. Examining the extent to which target users interact with a given technology and their
attitudes toward that technology provides insights into its potential future use [[23]].

Purpose

This study evaluated the feasibility and acceptability of a newly developed, game-based symptomreporting app, Color Me Healthy, for school-age children with cancer. The larger project guiding the
app's development was grounded in developmental science, which recognizes the multiple aspects of
the child's development [[24]], and symptom science, which recognizes the patient's self-report as the
gold standard for symptom reporting [[26]–[28]].

Methods
Setting

The study setting was the Center for Cancer and Blood Disorders at a Children's Oncology Group—
affiliated children's hospital in the Intermountain West of the United States. The center includes a 32bed inpatient unit and an ambulatory clinic serving approximately 40 patients each day.

Sample

Participants included children and parents. Eligible children were 6 to 12 years of age and receiving
chemotherapy as treatment for cancer in an inpatient or ambulatory setting. Children were required to
have completed at least one cycle of chemotherapy, speak and understand English, and be physically
and cognitively able to complete study procedures. Because the focus of the study was evaluation of
the app, children were heterogenous with regard to diagnosis and stage of disease. Parent participants
were the parent or legal guardian of a child participant. They were required to speak and understand
English and be able to participate in the acceptability interview.

Color Me Healthy app

The Color Me Healthy app is a game-based symptom-reporting app delivered via a tablet computer
that was co-designed with iterative input from school-age children with cancer and pediatric oncology
clinicians [[29]]. Children and clinicians provided input regarding symptoms of priority for inclusion,
preferences for communicating symptoms, and preferences for having data represented [[11], [30]].
Programming support was provided by graduate students working in the University of Utah's
Therapeutic Games and Apps Lab (The GApp Lab) under the supervision of the principal investigator
(LL) and lab director (RA) [[31]]. The interdisciplinary three-student team included the roles of a
programmer, artist, and producer. Programming was guided by Design Box principles, an inductive,
qualitative approach that supports analysis of the problem and considers perspectives of the end users
from the beginning. The Design Box method is built on the assumption that a good design solves a
problem [[32]] and considers the technology, aesthetics, audience, and the underlying play/question
theory before proposing a design.
The app features a customizable avatar that guides children to identify their symptoms using drawing
features, brief checklists, and short-answer responses (Fig. 1). The app supports the report of the
prevalence, severity, and associated bother of eight general symptoms: pain, nausea, vomiting, fatigue,
difficulty sleeping, appetite changes, coughing, and dizziness. It also supports children to localize
additional symptoms, including pain, rash, itching, bruising, numbness/tingling, mouth sores, and
difficulty swallowing to specific areas of the body including the head, mouth, chest, abdomen, and
extremities.

Fig. 1 Screen shots from the Color Me Healthy app

The app also includes a goals page emphasizing daily health promotion activities along with a sketch
pad and diary to support personal creativity and reflection. Children receive up to two daily rewards:
one for logging into the app and a second for completing key daily tasks within the app. Patiententered data are encrypted and stored as JavaScript Object Notation (.json) files in the patient's
account within the app.

Measures
Feasibility
The feasibility of the Color Me Healthy app was evaluated through review of children's actual use of the
app. Children's actual days of use and days of interaction with each feature within the app were
summarized using date and time-stamped data files that were generated as children interacted with
the app.
Acceptability
Acceptability was evaluated from the perspectives of children and their parents through brief, semistructured interviews at the close of the study period. Interviews were guided by three questions:
"What three things did you like most about the app?"; "What three things did you not like about the
app?"; and "What three things would you change about the app?" These questions have been used in
previous work evaluating an exercise-empowerment mobile video game for children with cancer from
the perspectives of children, parents, and clinicians [[33]]. Children were also asked about their
willingness to use the app again and their preference for reporting symptoms using the app or a paperbased resource. Collectively, questions addressed the app's perceived ease of use and perceived
usefulness, key determinants of technology adoption [[23]].

Procedure
Recruitment and enrollment
Institutional review board approval was granted for the study. A research team member screened
patients scheduled for clinic visits or inpatient admissions for eligibility. A clinical team member
approached eligible families with information about the study and to obtain permission for the
research team member to meet with them to explain the study. Parents provided written permission
for the child's participation and informed consent for their own participation. Children 7 to 12 years of
age provided written assent. Children who were 6 years of age provided verbal assent.
Data collection
Children received a study-dedicated tablet computer for use during the study period. A research team
member assisted the child to set up a user account and oriented the child and parent to the app and its
features. Children were requested to use the app for 5 days between ambulatory clinic visits or
inpatient admissions for chemotherapy. A 5-day trial period was selected to support consistent userelated expectations across settings and treatment schedules. Children who were anticipated to have
more than 5 days between study-related visits were informed that they could use the app beyond the
requested 5-day period if they wished.
A research team member met with children and parents at the conclusion of the study period, typically
during the subsequent scheduled clinic visit for chemotherapy, to complete the child and parent
acceptability interviews. Interviews were audio recorded and lasted 3.5 to 12 min. Child and parent
participants received gift cards after completing the interviews.

Data management and analysis

Each participant's app-generated data were extracted from tablet computers as a password-protected
zip file via an administrator account. Days of app use and its features were entered into an Excel sheet
and summarized descriptively. Date and time stamps of files generated as children used the app were

reviewed to identify total days of app use as well as days of interaction with individual features within
the app.
Interviews were transcribed verbatim. Responses to each question were analyzed using descriptive,
qualitative content analysis procedures [[34]]. Single words or simple phrases were regarded as
individual units of analysis. Key meanings were extracted from longer responses. Responses were
reviewed by four authors (LL, AN, SW, KS) to assign codes and reach consensus. A given code was
assigned only once to a child's or parent's response even if the individual may have repeated the larger
meaning more than once in his or her response. Codes were further organized into categories and
subcategories.

Results
Participants

Twenty children and nineteen parents enrolled in the study (Tables 1 and 2). One child withdrew after
enrollment because the parent deemed study procedures too burdensome. Children and parents were
predominantly White, non-Hispanic. Child participants were a median of 8 years of age (range 6–12
years) and a median of 4 months (range 1–74 months) from initial diagnosis. Parent participants were a
median of 35 years of age (range 26–48 years).
Table 1 Demographic characteristics of child participants
Characteristic
n %
Gender
Male
13 65
Female
7 35
Race
White
19 95
More than one race
1 5
Ethnicity
Hispanic
3 15
Non-Hispanic
17 85
Diagnosis
Acute lymphoblastic leukemia
9 45
Brain tumor
5 25
Hodgkin lymphoma
2 10
Non-Hodgkin lymphoma
2 10
Osteosarcoma
2 10
Disease state
Initial diagnosis
17 85
Relapsed or progressive disease 3 15
Table 2 Demographic characteristics of parent participants
Characteristic
n %
Gender
Male
1 5

Female
Race
White
Asian
Ethnicity
Hispanic
Non-Hispanic

18 95
17 95
1 5
1 5
18 95

Six children (4 boys and 2 girls) who were approached about study participation declined to
participate. One family declined to be contacted by the study team. Four children (2 boys and 2 girls)
indicated that they were not interested. The sixth patient did not engage in the study discussion, and
the study team member was unable to confirm an affirmative response of the child's interest in
participation.

Feasibility

Collectively, children used the app for 102 days. Children's patterns of use reflected varied overall
interaction and varied interest in individual app features (Table 3). All children used the app at least 1
day with total days of use ranging from 1 to 12 days (median 4 days). Nine children, 5 boys (6–11 years)
and 4 girls (7–11 years), used the app 5 days or more. Another four children, 2 boys and 2 girls, used
the app for 4 days. One boy and three parents related difficulty remembering to use the app and
incorporating its use into their daily schedules. Other parents related their children initiating daily use
of the app. Children most frequently used the symptom-reporting page and the drawing page. Of note,
all children reported pain at least once (48 days total), and 11 reported nausea at least once (30 days
total), providing support for the app's capacity to support collection of clinically relevant symptom data
between clinical encounters.
Table 3 Days of app use: overall and by page/feature
Overall days of
Symptom
interaction
report
Range
1–12
1–12
Median
4
4
Mean
5.4
4.5
Standard
3.2
2.8
deviation

Drawing
page
1–12
4
4.5
3.2

Goal
entry
1–11
3
3.8
3.0

Diary
entry
0–11
2
3
3.2

Acceptability
Children
Eighteen children participated in interviews at the close of the data collection period. One child
declined to participate due to fatigue. Responses are summarized in Table 4.
Table 4 Categories and subcategories of children's acceptability interview responses
Category and Subcategory
n Exemplars
Names

What did you like most
about the app?
Choices and creativity
Choices
Drawing/creativity
Fun features within the
app
Rewards and incentives
Stickers/rewards
Goals
Individualization
Avatar
"About me" page
Functionality
Reporting symptoms
Easy to use
What did you not like about
the app?
No dislikes
Navigation issues
Specific features
"Everything"
Remembering to use
What would you change
about the app?
Enhance the user
engagement
Increase choices within
existing features
More activities/games
to do
New feature (e.g.,
imaginary friend)
Improve the usability
Improve navigation

22
10 "I liked the customizing the things," (12-year-old boy with ALL)
10 "I like drawing pictures," (11-year-old boy with lymphoma)
2 "plant" (7-year-old girl with ALL)
10
8 "daily prizes," (11-year-old girl with a brain tumor)
2 "the goal thing because it reminded you like to brush your teeth
and take care of that," (12-year-old boy with ALL)
8
5 "making your person (avatar)," (8-year-old girl with ALL)
3 "having a page with own stuff on it," (8-year-old boy with ALL)
3
2 "the thing that you can draw...like where it hurt, yeah...um," (11year-old boy with a brain tumor)
1 "it was easy to learn, yeah. It was easy to learn how to do it," (11year-old boy with a brain tumor)
10 "Um, none of it," (8-year-old boy with ALL)
3 "after you push the button you have to wait for it to load," (10year-old boy with Hodgkin lymphoma)
2 "Uh, the background music," (12-year-old boy with ALL)
1 "Yeah, and everything," (6-year-old boy with ALL)
1 "It was hard to keep track of remembering each day," (12-yearold boy with ALL)
15
7

6
2
4
2

"Change the plant so that so like you could change it into a tree.
So each day you could make it a different plant and then you
could water it and see what happens." (10-year-old boy with
Hodgkin lymphoma)
"Maybe you can do more stuff (other games) on it," (7-year-old
girl with an optic glioma)
"Make an imaginary friend that you can design and tell that
imaginary friend how you feel...," (11-year-old girl with a brain
tumor)
"scrolling on history page," (9-year-old boy with ALL)

Terminology/rating

2

"Word "bother"..."not sure how many other kids would
understand that..." "I just read it like how much does this bug
you." (11-year-old girl with a brain tumor)

All 18 children identified aspects of the app that they enjoyed. The most frequently identified aspects
of the app were those that supported their creativity and provided choices (n = 22 responses). Children
also reported enjoying the rewards and incentives in the app (n = 10 responses), and the personal
aspects of the app (n = 8 responses). Three children's responses addressed clinical relevance including
perceived ease of symptom reporting and specifying symptom location through drawing.
When asked to identify what they did not like about the app, 10 children actively denied anything that
they disliked, e.g., "Um, none of it." Seven children related aspects of the app that they disliked. Of
note, a 6-year-old boy with ALL reported disliking, "everything," about the app. During his mother's
interview, however, this child interacted with features within the app and showed his creations to the
interviewer. Five children described aspects of the app's navigation (n = 3 responses) and features of
the app (n = 2 responses) that they disliked. One 12-year-old boy with ALL described difficulty
remembering to use the app each day.
Fourteen children provided suggestions for improvement that were grouped into two larger categories
related to different aspects of the user experience. These included enhancing user engagement (n = 15
responses), primarily through increasing choices in existing features or providing more activities within
the app, and improving the usability of the app (n = 4 responses).
Sixteen of the 18 children who participated in the interviews affirmed willingness to use the app again.
Fifteen indicated a preference for reporting symptoms using the app. Reasons addressed the potential
clinical benefits of app-based reporting such as "easier to explain," and the ability to "... be more
specific," as well as the multisensory experience, "... the different things you can do on it."
Parents
Nineteen parents participated in interviews at the close of the data collection period. Responses are
summarized in Table 5.
Table 5 Categories and subcategories of parents' acceptability interview responses
Category and subcategory names n Exemplars
What did you like best about the
app?
Fun and interactive
19
Element of "fun"
6 "It's just fun. I like how it's colorful," (mother of an 8-yearold girl with ALL)
Opportunity for the child to
5 "that it had a spot for him to write his thoughts," (mother
express self
of a 12-year-old boy with ALL)
Choices within the app (e.g.,
4 "I liked the creative part of it. Letting them go and color
drawing)
and draw." (mother of a 6-year-old boy with
osteosarcoma)

Parent/child interaction (e.g.,
showing what he/she did)

2

Provides incentives

2

Easy and enjoyable to use
Easy for the child to use

"...he'd show me the funny things that he said or did or
whatever so it was fun." (mother of an 11-year-old boy
with lymphoma)
"liked that it had goals and made sure that he'd remember,
kind [of] an extra incentive to remember to brush his teeth
and remember to take his bath and all of those things,"
(mother of an 11-year-old boy with lymphoma)

18
6 "I just like that it was so easy for him to use." (mother of a
10-year-old boy with Hodgkin lymphoma)
Parent did not have to help or be 5 "she can put it down and I did not have to think about it,"
the one providing the report
(mother of an 8-year-old girl with pilocytic astrocytoma)
Enjoyable for the child and/or
4 "She enjoyed, you know, playing on it and using it,"
parent to use
(mother of an 11-year-old girl with a brain tumor
Creative approach to achieving
3 "is just a fun way for her to talk about what's going on I
the objective
guess," (mother of a 7-year-old girl with ALL)
Supports the child's own report
16
Child is the one providing the
8 "I liked that it basically he could tell us how he felt without
report
having to answer questions like from us verbally." (mother
of a 12-year-old boy with ALL)
Child is the one entering his/her 4 "I liked that she could put in how she's feeling," (mother of
own information
a 7-year-old girl with ALL)
Less intimidating for the child by 4 "I think it's a good way for kids to express themselves
not having to talk
because some kids do not like to talk or they do not share
how they feel." (mother of a 10-year-old boy with Hodgkin
lymphoma)
Consequences of the child's own 14
report
Facilitates awareness and recall
5 "...liked that it reminded us of the little things that you
of symptoms
think 'Oh she felt well today' but then you are like 'No she
had a headache.'" (mother of an 8-year-old girl with ALL)
Supports more accurate/precise 5 "... but she can write down on her thing, and kids know
reporting
exactly where it was hurting which I think were good
where she might not describe it to the doctor." (mother of
an 8-year-old girl with ALL)
Facilitates parent/child
4 "then he was also more open with us, like this is what is
discussion about symptoms
going on and I can show you sort of thing." (mother of an
8-year-old boy with Hodgkin lymphoma)
What did you not like about the
app?
Denied dislikes
8 "I really cannot think of anything." (mother of an 11-yearold boy with lymphoma)
Child user engagement
6
Not sufficiently
4 "...it just wasn't engaging for him. I wish it would have like
engaging/interactive
kept his attention better." (mother of an 8-year-old boy
with ALL)

Stickers not a sufficient
incentive

2

Child user experience

3

Additional parent burden

3

"like the stickers, I mean are OK. But I think sometimes
they do not do anything." (mother of a 6-year-old boy with
osteosarcoma)
"...I was watching and that's the only thing is we could not
figure out how to get out of the diary, but that's it."
(mother of a 10-year-old boy with Hodgkin lymphoma)
"...with all her homework and all her other stuff is one
more thing to do." (mother of an 8-year-old girl with ALL)

What would you change about the
app?
Enhance user engagement
10
Increase activities and
4 "games puzzles or something for them to kind of do
interaction within the app
different things" (mother of a 7-year-old girl with ALL)
Different activities for older
3 "might have been better to have something a little bit a
children
part of it that is more challenging maybe for a 12-year-old
because it does have kind of a wide range." (mother of a
12-year-old boy with ALL)
Enhance
3 "Rewards, something for them to work toward, because
incentivization/reward system
every game they have is like they are trying to get there,
reach a different level or something like that," (mother of a
7-year-old boy with Burkitt lymphoma)
Enhance usability
6
Improve navigation (includes
4 "it says that it will save it, but if you go in and try and
for children with sensory
change it you have reenter all the symptoms again"
deficits)
(mother of an 8-year-old boy with Hodgkin lymphoma)
Enhance the
2 "kind of like 3D," (mother of a 7-year-old boy with Burkitt
presentation/appeal
lymphoma)
Facilitate parent access to the
4 "what would be cool if ... it could like send it to like the
child's report
parent like if the parent had an app," (mother of an 8-yearold boy with ALL)
All parents related at least one aspect of the app that they enjoyed. Parents endorsed the interactive
nature of the app (n = 19 responses) and felt it provided an outlet to support the child's creativity, such
as through drawing, in addition to reporting symptoms. Parents reported that the child could use the
app easily (n = 18 responses) and that they did not have to be heavily involved.
Parents recognized the clinical relevance of a child-centric approach to symptom reporting (n = 16
responses). Specifically, they endorsed the value of the child giving his/her own report rather than
their reporting on behalf of their child. Several parents related that their child did not like to talk with
clinicians and/or was intimidated by having to respond verbally at clinic visits. They specifically
endorsed the value of a resource that could support the child's report without being made to talk at
visits. Four parents also addressed the perceived value of the app in allowing the child to be the one
who entered the symptom report—not just relating the information but being the one who physically
entered the information via the app. Parents related important perceived benefits of the child's report
(n = 14 responses). These included a greater awareness and recall of symptoms, the potential for more

accurate and precise symptom reporting, and facilitation of parent and child discussion about
symptoms. Three parents whose children had been receiving treatment for 6 months or longer
reported the app would have been of greater benefit if it had been introduced earlier in the child's
treatment.
Ten parents provided specific critiques of the app. Critiques related to limited user engagement were
most frequent (n = 6 responses) and related to both opportunities for interaction and incentives
beyond earning stickers. A parent of an older child commented on a desire for the app to be more
challenging. Three parents also offered critiques related to the general user experience including the
animation style, a navigation issue with the diary, and expressed confusion with the term "bother" as a
means to express distress. Critiques also addressed potential burden for both parents and children
associated with the app's use (n = 3 responses) including remembering to use the app and having an
additional thing to do.
Thirteen parents offered suggestions for improving the app, and six denied having suggestions for
improvement. Suggestions related to enhancing the child user's experience (n = 10 responses)
centered around increasing activities and opportunities for interaction, including different activities for
older children, and enhancing incentives. Parents provided suggestions to enhance the app's usability
(n = 6 responses), primarily through improving specific aspects of navigation. Suggestions included
needs of children with physical or sensory deficits occurring as a consequence of the child's cancer
and/or its treatment. Parents also expressed a desire for access to the child's report (n = 4 responses),
potentially through a parent portal or a separate parent log in process.

Discussion

The study advances investigation of the role of mHealth resources to support symptom tracking among
children with cancer between clinical encounters with attention to users' interactions with a given
technology and their attitudes toward that technology [[23]]. While mHealth resources, including apps,
are not interventions themselves, they can support efforts to better understand the patient experience
[[36]]. Because self-report is the gold standard for symptom reporting [[27]] and children have the
capacity to provide self-report [[37]–[39]], child-centric approaches to facilitate their self-report are
essential and are part of a personalized approach to symptom management.
Study results support the app's preliminary feasibility and provide insight into contextual factors to
guide its future development [[40]]. Although children's patterns of app use varied, their overall
median use of 80% of requested days was similar to previous feasibility reports of initial evaluations of
symptom tracking resources for children and adolescents with cancer [[42]]. As with any mHealth
technology, motivation for daily use varied. Some participants may not have felt well enough to be
externally motivated to use the app each day. Existing rewards within the app may not have provided
sufficient motivation for others.
Acceptability, another interrelated aspect of feasibility [[40]], was evident among both children and
parents. Both children and parents addressed the app's developmental relevance and its role in
supporting the child's autonomy. Children, specifically, named the elements of having choices, an
outlet for creativity, and the opportunity for personalization within the app. Parents valued that the
app supported the ability of the child to provide his or her own symptom report and that he or she was

the one who generated the report. Several parents specifically related that their children do not like to
provide verbal reports and that the app provided a less intimidating format for symptom reporting. By
incorporating multisensory approaches that allow children time to reflect and organize their responses,
the app may enhance children's recall, leading to improved symptom reporting [[44]]. Of further
clinical relevance, parents indicated that the app supported their own awareness of the child's
symptoms, even on days when the child appeared to be feeling well. Several parents related a greater
perceived benefit of tracking symptoms earlier in the child's treatment continuum, an important
consideration for future implementation.
Although both children and parents provided suggestions to improve navigation, parents endorsed the
app's overall ease of use and that the child could use the app independently. Consistent with the
iterative, user-centered process guiding the app's development [[32], [46]], interview questions were
structured to avoid social desirability of responses and to retain the child in the position of collaborator
and co-designer. Allowing children and parents to propose improvements for the app supported a
more generative discussion beyond stating likes and dislikes and engaged them in the app's continued
development.

Limitations

Limitations included a single site and limited racial/ethnic diversity. Although the study sample was
small, it represented diagnoses typical among children 6 to 12 years of age. The heterogeneity with
regard to treatment stage supported exploration of how the app might be utilized at different times
during the child's treatment to support a personalized approach to symptom management. Because
date/time stamps were generated only as data were saved, the actual duration time that children
interacted with the app each day was unable to be assessed.

Future directions

Both children and parents provided guidance to further optimize the child user's experience to support
the app's future adoption by child and parent users [[23]]. Priorities for future development include
enhancement of existing features, inclusion of additional activities, and expansion of the
incentive/reward system. Additional priority should be given to enhancing aspects of navigation within
the app which will further support the app's usability.
Priorities for research include investigation of the app's potential for success as a developmentally
relevant resource for symptom reporting. Consistent with a personalized health approach, research is
needed to identify children and parents who are most likely to benefit from a symptom-reporting app
and when they are likely to receive the greatest benefit. Gaining additional understanding of the
reasons for variability in use including intra-individual characteristics of children and/or parents,
perceived need for symptom monitoring based on treatment phase, and potential burden associated
with daily reporting will further guide implementation of the app. Studies exploring parents' and
clinicians' responses to reported symptoms and initiation of management strategies whether in the
home or healthcare setting are needed. Additionally, studies addressing the app's efficacy as a
resource to guide shared decision-making to alleviate symptoms are needed.
As the user experience is optimized and further clinical utility of the app is demonstrated, future
directions for the app's development include collaboration with clinical informatics experts and

continued efforts toward integration with electronic health record (EHR) systems. Engaging clinicians
as research collaborators with attention to clinician workflow will be essential to determining how best
to integrate the child's self-reported data in a manner that can guide clinical decisions. Preliminary
efforts to support future integration of the child's data are in place to support future work. The.json
file format, currently used for saving children's self-reported data in the app, is a standard data
interchange format primarily used to transmit data between a web application and a server [[47]].
Additional efforts to support EHR integration include supporting semantic interoperability by mapping
terminology within the app to standard-based terminologies such as SNOMED and LOINC [[48]].
This study describes the initial evaluation of a newly developed game-based symptom-reporting app
among school-age children receiving treatment for cancer. Results provide guidance for future
refinements to the app and its potential role to support a personalized approach to symptom
management.
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